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本文采用0.2%苯扎氯铵 (benzalkonium chloride，BAC) 局部滴眼14天 (每天










玻璃酸钠、渗透压调节剂硼酸和抑菌剂羟苯乙酯等制备滴眼液，考察 适 pH 范
围以优化处方；通过影响因素试验评价其稳定性，经典恒温加速试验预测其贮存
有效期，并观察短期 (每 15 min 一次，连续给药 2 h) 和长期 (每天 4 次，连续
给药 4 周) 给药对兔眼的刺激性。该滴眼液工艺简便，研究发现，pH 调至 5~6






















予不同浓度 BAC (0.1%、0.15%和 0.2%) 或持续不同时间 (2~4 周) 局部滴眼结
合可控干燥环境 (相对湿度 40 ± 5%) 所诱导得到的小鼠干眼模型的临床体征，
并考察建模完成后各项指标的稳定性。研究发现，BAC 结合可控干燥环境诱导
的小鼠干眼模型的体征具有一定的浓度和时间依赖性。BAC 的浓度较低或给予






















Dry eye is a multifactorial disease of the tears and ocular surface, accompanied by 
non-infectious inflammation of the ocular surface. The anti-inflammatory therapy has 
become a common therapeutic strategy for dry eye. However, there are very limited 
anti-inflammatory agents available for the dry eye treatment. Hence, it is desirable to 
identify and evaluate suitable ophthalmic anti-inflammatory agents. Doxycycline, a 
long-acting, broad-spectrum, and semisynthetic tetracycline derivative, exhibits potent 
anti-inflammatory effects with subantibacterial dose. Oral doxycycline has been 
proved effective in ocular surface inflammatory diseases, such as chronic blepharitis 
and meibomian gland dysfunction. Compared with oral administration, topical 
medication is a preferred treatment in the ophthalmic diseases such as dry eye, with 
less potentially systemic side-effects. However, the therapeutic effects of topical 
doxycycline on dry eye have not yet been fully investigated so far.  
In this study, a mouse dry eye model induced by topical administration of 0.2% 
benzalkonium chloride (BAC, twice every day for 14 days) was used, and the 
therapeutic effects and underlying mechanisms of topical administration of 0.025% 
and 0.1% doxycycline (four times every day for 10 days) were investigated, which 
provided the reference data for clinical trials. It was shown that topical doxycycline 
improved clinical evaluations including corneal fluorescein staining, tear break-up 
time, and inflammatory index, protected the ocular surface epithelium and goblet cells, 
and suppressed the ocular surface inflammation by decreasing the levels of matrix 
metalloproteinases, pro-inflammatory cytokines, and chemokines. Moreover, the 
0.1% doxycycline treatment showed more improvements in the therapeutic effects 
than the 0.025% doxycycline treatment. The anti-inflammatory mechanism might 
involve the inhibition of NF-κB activation, thereby down-regulating the expression of 
inflammatory mediators. Hence, we suggest a potential for doxycycline as a topical 
















The ophthalmic preparations of doxycycline have not been included in any 
domestic or foreign pharmacopoeias and standards so far. Therefore, it is of great 
clinical significance to develop doxycycline eye drops. In this study, doxycycline eye 
drops were prepared with 0.1% doxycycline as the main component, and hyaluronic 
acid sodium, boric acid, and ethylparaben as the excipients. The formula was 
optimized by adjusting the optimum pH. The stress test and classical constant 
temperature acceleration test were used to evaluate the stability of doxycycline eye 
drops and estimate the period of validity. The irritant response on eyes of rabbits was 
observed in the short period (once every 15 minutes for 2 hours) and long period (four 
times every day for 4 weeks). The preparation of doxycycline eye drops is simple in 
technology process, and the optimum pH was adjusted to 5~6. It was found that 
keeping the eye drops out of light below 20 °C resulted in a prolonged period of 
validity. Moreover, there was no significant irritant response in the corneas, irises, or 
conjunctivas of rabbits after short-term and long-term treated with doxycycline eye 
drops. Hence, the prepared doxycycline eye drops can meet clinical requirements, 
providing the basis for the drug clinical research of ocular surface inflammatory 
diseases such as dry eye, blepharitis, and meibomian gland dysfunction. 
When we used the BAC-induced mouse dry eye model in the previous studies, it 
was found that some dry eye signs of the model tended to recover after the cessation 
of BAC induction. Furthermore, we found that there were few follow-up studies on 
the stability of dry eye models, which might influence the accuracy of the research on 
dry eye-associated pathological mechanisms and the evaluations on therapeutic 
strategies for dry eye. In this study, clinical evaluations of the mouse dry eye model 
induced by topical BAC at different concentrations (0.1%, 0.15%, and 0.2%) or at 
different durations (2~4 weeks) combined with a controlled desiccating environment 
(CDE, relative humidity 40 ± 5%) were performed, and the stability of the dry eye 
model was investigated. It was shown that signs of the BAC + CDE-induced dry eye 
model were both concentration- and time-dependent. The model established with 
low-concentration or short-term administration of BAC tended to recover more 
















(3~4 weeks) administration of BAC was necessarily used. This mouse dry eye model 
might be appropriate for research regarding the pathogenesis of dry eye, and for 
evaluations regarding the therapeutic effects of medication and other new treatments 
on dry eye. 
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